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Introduction
In October 2013, President Obama nominated Janet L. Yellen to lead the Federal Reserve. After the Senate con…rmation, she became the …rst woman to lead the US central bank. Janet L. Yellen graduated from Brown University with a degree in Economics in 1967, a period when very few women majored in Economics. Indeed, the proportion of Economics B.A.'s awarded to women in the US was just 11 percent in 1970 (Kahn, 1995) . Since then, women's college-enrolment and graduation rates relative to males have signi…cantly increased (Goldin et al., 2006) . There are however big gender di¤erences in terms of subject of study. For the subject of Economics, for instance, according to US education statistics, in 1991-92 women received only 30 percent of the bachelor's degrees in Economics against a 54 percent for bachelor's degrees in all …elds (Dynan and Rouse, 2010) . The situation in the UK is similar: using administrative data for enrolment in 2008, we …nd that females represent 57 percent of those enroling for undergraduate courses in all …elds, but only 27 percent in Economics.
Why is there such a big gender gap in enrolment for a bachelor's degree in Economics? In this paper we contribute to answering this question by looking in detail at the application process to higher education courses in the UK, using administrative data from UCAS (Universities and Colleges Admissions Service), the organization responsible for managing these applications. One possibility is that female students choose di¤erent courses at high school than males and, thus, are not prepared to meet the requirements to enrol into an Economics course when applying to college (Turner and Bowen, 1998) . In practice, given the Maths requirements in Economics, this would be the case if girls took less Maths courses than boys at high school. Another possibility is that female applicants are somehow discriminated against in the application process 1 , either because they are perceived as less competent in the …eld of Economics 2 , or because they are less likely to accept if an o¤er is made, possibly because Economics is lower in their (unobserved by the admission o¢ cer) ranking of subjects. A further possibility is that, even if girls are as prepared as boys and are not discriminated against in the application process, they still choose not to apply to an Economics degree, either because of lower labour market prospects or because of di¤erent tastes or for other reasons. 3 Our data allow us to see where in the application process the gender gap in 1 In the …eld of medicine, a report by the British Medical Association Equal Opportunities Committee (2009, p. 65) comments how " [t] here have been anecdotal suggestions that some medical schools may be trying to restrict the overall numbers of female students entering medical school, in order to prevent gender imbalance in the medical workforce of the future."
2 Moss-Racusin et al. (2012) …nd that science faculty members from research-intensive universities exhibit a bias against female undergraduate students, rating male applicants for a laboratory manager position as signi…cantly more competent and hireable than the (identical) female applicants. 3 One additional possibility, for instance, is that Economics is relatively riskier than other disciplines, either in In our empirical analysis we …nd no evidence that females are less likely to accept an o¤er for a bachelor's degree in Economics, thus indicating that, conditional on applying, Economics is not lower in the ranking for females than for males. We also do not …nd evidence of universities discriminating against female applicants. What we …nd is that girls are less likely to apply for a bachelor's degree in Economics to start with, while they are over-represented in certain degrees that are associated with more female concentrated occupations such as Nursing and Education.
Moreover, girls are less likely to have A levels in Maths than boys, and this could represent an impediment to apply for an Economics degree. However, even among those who have studied Maths, females are less likely to apply for an Economics degree than males, suggesting that di¤erences in the choice of A level subjects cannot explain the whole gap. In the conclusion, we will discuss some of the possible explanations for these di¤erences between genders.
The rest of the paper is organized as follows. Next section presents the institutional context.
The third section introduces the data, while the fourth section presents the analysis. The last section concludes.
Institutional Context
All applications to UK universities for full-time undergraduate courses take place through the Universities and Colleges Admissions Service (UCAS). The basic application procedure is as follows (a more detailed description is provided in the following section). Applicants apply to their institutions of choice via UCAS who then collates the o¤ers (conditional or unconditional) or rejections from these institutions. Given the o¤ers received, the applicants then pick their …rm and insurance choice. UCAS then collects exam results from the awarding bodies in the summer and transfer these to the institutions. Applicants are then accepted or not depending on whether they have met their conditions or not.
From the 2008 entry onwards, an applicant can apply on-line through UCAS for a maximum of …ve university courses, four in the case of medical applications and only one course at either Oxford University or University of Cambridge. There are no restrictions on course-university combinations that can be applied for. The UCAS website contains detailed information on the application system, courses and universities.
Application Process
In each annual round, applications are received between September and mid-January (or midOctober in the case of Oxford and Cambridge) of the calendar year prior to university entry. All applicants intending to proceed from high school to university submit their application form prior to the completion of their high school studies and hence without knowledge of their …nal high school grades ("A levels", for applicants from England, Wales and Northern Ireland, and "Highers"
for Scottish students, see below for details). The application, however, includes predicted grades which are provided by the applicant's school based on previous performance and AS marks. Once 5 an application is submitted to UCAS, the relevant university can access it online, but will not see where else the applicant has applied to, before the applicant has replied to their o¤er. When evaluating an application, information about the applicant's identity (name) and gender is available to admission o¢ cers, while other information (like ethnicity) is provided only after the institution has made a decision on the application. The university's response to an application can either be a rejection, an unconditional o¤er, or a conditional o¤er, subject to the applicant achieving certain minimum grades in his or her A levels.
Applicants can decide to decline an o¤er, accept it as a "Firm" or as an "Insurance" place.
If an applicant …rmly accepts an o¤er, this becomes his or her preferred choice out of all the o¤ers received. Applicants can only make this choice once. By accepting an unconditional o¤er the applicant is agreeing to attend the course at that university and must decline all other o¤ers, whilst accepting a conditional o¤er is agreeing to attending the course at that university if the conditions of the o¤er are met. In this case, an applicant can accept another o¤er as an insurance choice. The o¤er accepted as an insurance choice can be conditional or unconditional and acts as a back-up to the …rm choice, so if the conditions for the …rm choice are not met, but the conditions (if any) for the insurance choice are met, the applicant is committed to that course.
Applicants who have applied through UCAS and are not holding any o¤er after this …rst stage, may be able to apply for another course through "Extra", between the end of February and the end of June. Once the A level results are released, universities con…rm or decline their o¤ers through the UCAS system. Finally, "Clearing" is used by applicants who have not managed to secure a place at any university for the current year. This system is used towards the end of the academic cycle (August/September). In this case, both the applicant and the institution to which the application has been made have full information about grades achieved. More than 30,000 applicants gain a place through Clearing every year.
In 2006/07, fees up to £ 3,000 per year were introduced for all students, regardless of background.
These fees are deferrable until after graduation using government subsidized loans. Maintenance grants, which had been reintroduced in 2004 for the poorest students, were also increased substantially at this time. In 2012, after an independent review of tuition fee policy, the UK's coalition government increased the cap on tuition fees to £ 9,000 per year. 
A Levels
AS and A levels are the traditional quali…cations o¤ered by schools and colleges for 16-19 years old.
AS levels can be taken as a stand-alone quali…cation, or as the …rst part of an A level course. AS levels are completed at the end of Year 12 (the old 'Lower Sixth'year). A2 exams and coursework are added on to an AS level at the end of Year 13 (the old 'Upper Sixth'year), bringing it up to A level standard. Most pupils take four subjects in Year 12. After AS level exams they drop one subject, and continue the other three through Year 13 to complete A levels.
Data
Our analysis is based on administrative data from UCAS. We have a 50 percent random sample of all UCAS applications in the 2008 cycle for UK domiciled applicants totalling 230,722 applicants and 959,915 applications. UCAS data provide rich information on applicants, their applications, o¤ers, acceptances and refusals into courses. In particular, in terms of socio-demographic characteristics of the applicants, UCAS data include age, ethnicity, gender, socioeconomic status, and region. We also have information about the type of high school attended (e.g. grammar, independent) and the region where it is located, as well as about quali…cations obtained at high school (A and AS levels) and about the so called "tari¤", a points system used to summarize achievement in a numerical and comparable format. We also have detailed information about the university application process, observing all applications (subject, course type, institution, route -e.g. main, extra, clearing), o¤ers, and acceptances.
Our focus in on the process that leads students to enrol in Economics. Although we look at …nal acceptance and do not observe actual enrolment, in aggregate the number of accepted applicants is very close to the number of students who actually enrol. Therefore, in the rest of the paper we refer to …nal acceptance as enrolment. Also, we restrict our sample to those who enroled at university, thus excluding those who applied to at least one course, but …nally did not enrol. This leaves us with 185,002 students who enrol at university.
It is important to note that applicants are asked to record their ethnic origin on the UCAS application form. Provision of this information is voluntary and it is not passed to institutions until after the selection process. Also, UCAS assigns socioeconomic status based on an applicant's parental occupation (based on the Standard Occupational Classi…cation 2000). This information is not passed to institutions until after the selection process. 
Analysis
In order to better understand the gender gap in Economics, we estimate the probability of university enrolment into Economics degrees as opposed to enrolment into other degrees. and region (column 3). The gap drops but persists when we control for the subject choice at A level, and in particular Maths (column 4), and further drops if we control for Economics A level (column 5). Adding a measure of the quality of students measured using the overall A level score, tari¤, does not make a big di¤erence (column 6). Also, adding dummies for the most popular subject combinations at A level involving Math, Science, Business, Economics, and English (column 7)
does not make a di¤erence. Thus, a signi…cant portion of the gender gap in Economics enrolment is explained by the choice of A level subjects, in particular Maths, and, not surprisingly, Economics.
To unravel the cause of this gap in Economics enrolment, in Table 4 , we estimate the gap at each stage of the application process, conditional on "having passed" the previous stage. First, in
column (1), we estimate the probability of applying for an Economics degree and …nd that females are less likely than males to apply for Economics degrees, after controlling for individual and school characteristics and region. This suggests that Economics is not as attractive for females, who tend instead to be over-represented in certain degrees that are associated with more female concentrated occupations such as Nursing and Education (see Table 6 further on). Secondly, in columns (2)- (5),
we estimate the probability of receiving an o¤er conditional on applying for an Economics degree at university. We …nd no signi…cant di¤erence between females and males either when we distinguish between conditional (column 2) and unconditional (column 3) o¤ers, or when we aggregate the two (column 4), even after adding further controls for score and A-level subjects (column 5), thus comparing applicants that are very similar from the point of view of admission o¢ cers. 7 This suggests that universities do not discriminate against females when making their o¤ers.
Examining the gap at the stage of the reply by applicants to a university o¤er (columns 6 and 7), the estimates show that gender does not matter when examining the probability of an applicant who has an Economics o¤er accepting that o¤er, either as …rm or insurance. Females are as likely as males if they have an o¤er to accept it. Finally, we revisit the probability of enrolment into an Economics degree, conditioning on having received an o¤er (column 9). We …nd that there is no signi…cant gender gap in enrolment in Economics at this stage. Furthermore, also conditioning on applying to an Economics degree (column 8), there is no gender gap in Economics enrolment, suggesting that the main cause of the earlier observed gender gap is the low probability of applying to Economics degrees by females. Thus, interestingly, once females decide to apply to Economics at university there is no di¤erence in their probability of receiving o¤ers by universities, in their own decisions to accept o¤ers or to eventually enrol into an Economics degree. Hence, our …ndings underscore that the observed unconditional gender gap is due to lack of interest by females to study Economics at university which is re ‡ected in their very low application rates.
An important underlying reason for the lack of applications by females may be related to their choice of A level subjects at high school. As Table 5 Table 5 it emerges that females are also less likely to do Economics at A level (column 1) and, even conditional on having done Economics at A level (column 3), females are less likely than males to apply to Economics degrees. This is consistent with a lack of interest in the subject.
To provide some more insights about the reasons behind the gender gap in Economics enrolment, Thus, we do …nd evidence that females are less likely than males to do Maths at A level, an important requisite to enrol in Economics, but, even conditional on having done Maths at A level, women are less likely to enrol in Economics. This points to an important role of di¤erences in "tastes". The range of skills that are necessary to enrol into and to successfully complete an Economics degree goes beyond having done Maths at A level, so we cannot exclude that those required skills might be di¤erent across genders. Moreover, di¤erences in tastes may play an important role also in the choice of A level subjects at high school. Therefore, we cannot disentangle the e¤ects of skills and preferences. It is of interest, however, to point out that the gender gap in applying to
Economics is not just due to di¤erent choices in terms of A level subjects. With regards to other explanations for the gap, one possibility is, for instance, that females may dislike competition and refrain from degrees leading to competitive careers. However, looking at the application process for Law (Table 7) , arguably a degree giving access to remunerative and competitive jobs, we see a mirror pattern compared to Economics, with females more likely to apply, while no di¤erence emerges in the rest of the process.
Discussion
A better understanding of the origin of gender di¤erences in enrolment patterns can emerge by analysing the enrolment process as a whole, accounting for a whole range of subjects, and by linking enrolment into di¤erent subjects to various labour market outcomes. This is what we do in Tonin and Wahba (2014), where we …nd that females are also less likely to apply to STEM (Science, Technology, Engineering and Maths) degrees at university. Perhaps, lack of Maths preparation at earlier stages creates a hurdle for females who are less encouraged to pursue Maths and Science subjects at A level and leads to loss of con…dence and interest in those subjects, and in turn lower applications by females to study Economics or STEM degrees at university.
The literature has also proposed other possible explanations behind the reluctance of females to undertake Economics studies. One possibility is the lack of role models due to the scarcity of women on Economics faculties. In a study of three US Universities, Canes and Rosen (1995) …nd, however, no evidence that an increase in the share of women on a department's faculty led to an increase in its share of female majors. Given the choice analysed here, taking place while in high school, this is even less likely to be an explanation. Of course, role models outside of university faculties, for instance within the realm of politics and businesses or within the household, may play a more important role. Another possibility is that labour market returns matter for subject choice and that these di¤er, or are perceived to di¤er, across genders. Arcidiacono, Hotz, and Kang (2012) survey students about expected earnings both in the major they have chosen and in counterfactual majors and …nd that these are important factors in the choice of college major.
Beyond economic returns, gender di¤erences in career expectations and aspirations may also be important (Chevalier, 2007) . We cannot discriminate among these di¤erent hypotheses or evaluate their relative importance. Our evidence only points to the fact that female students are less likely to apply for a bachelor's degree in Economics.
Concluding Remarks
In this paper we have exploited a large administrative data set to investigate where in the application process the gender gap emerges in terms of enrolment for a bachelor's degree in Economics. What we found is that there is no evidence of universities discriminating against female applicants or of female applicants being less likely to accept an o¤er made by an university. The gap emerges at the application stage, with female students less likely to apply for Economics degrees to start with. This is the case even if, as argued in the introduction, Economics degrees give access to occupations that pay relatively well and to positions of in ‡uence in the policy making process. Females tend instead to apply to degrees like Nursing and Education, associated with more female concentrated occupations.
Our analysis also highlights a gap in terms of girls'preparation in high school, as measured by their choice of Maths as A level subject. Goldin, Katz, and Kuziemko (2006) 
